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CAPACITOR LOAD MIXER WITH PAM FUNCTION 

TECHNICAL FIELD OF THE INVENTION 

5 [0001] The present invention is directed, in general, to 

mixing circuits for radios and, more specifically, to a 
direct conversion mixer for a phase-alternating mixer 
circuit . 

10 BACKGROUND OF THE INVENTION 

[0002] An architecture for high-performance direct 
conversion radios is disclosed in co-pending U.S. Patent 
Application Serial No. 10/440,026 entitled CHOPPER -DIRECT - 

15 CONVERSION (CDC) RADIO ARCHITECTURE" and filed May 16, 

2 003, the content of which is incorporated herein by- 
reference. The architecture disclosed employs a phase- 
alternating mixer (PAM) that outputs a double -sideband 
(DSB) signal for use throughout the receiver circuitry. 

20 Such double -sideband signal paths eliminate the use of 

baseband frequencies that are generally problematic in 
large-scale circuit integration. In addition, problems 
associated with direct-conversion, such as local oscillator 
(LO) leakages, direct current (DC) offsets, low frequency 
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noise and the like are all eliminated by relocating the 
local oscillator frequency away from the radio frequency 
(RF) employed for transmission. In addition, harmonic 
rejection for such an architecture is disclosed in co- 
pending U.S. Patent Application Serial No. 10/457,825 
entitled ^^HARMONIC REJECTION GATED- SWITCHING MIXER" and 
filed June 9, 2003, and combined alias and harmonic 
rejection for such an architecture is disclosed in co- 
pending U.S. Patent Application Serial No. 10/464,424 
entitled PHASE -ALTERNATING MIXER WITH ALIAS AND HARMONIC 
REJECTION" and filed June 18, 2003, the content of which is 
incorporated herein by reference. 

[0003] There is, therefore, a need in the art for a low 
cost direct conversion mixer implementing a phase 
alternating mixer function. 
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SUMMARY OF THE INVENTION 

[0004] To address the above-discussed deficiencies of 
the prior art, it is a primary object of the present 
invention to provide, for use in a chopper-direct - 
conversion radio, a phase alternating mixer implemented by 
common-base differential transistor pairs, with two cross- 
coupled pairs providing a switching mixer function with 
harmonic gating suppression of harmonic responses to the 
switching mixing by control of local oscillator signals 
controlling switching of the differential transistor pairs. 
Rather than a resistive load, a switched capacitance load 
and integrating capacitors are connected to the output of 
the differential transistor pairs to provide first order 
low pass filtering of the double sideband output from the 
differential pairs, with a controlled bandwidth. Channel 
select switches demultiplex the double sideband signal into 
a baseband signal . 

[0005] The foregoing has outlined rather broadly the 
features and technical advantages of the present invention 
so that those skilled in the art may better understand the 
detailed description of the invention that follows. 
Additional features and advantages of the invention will be 
described hereinafter that form the subject of the claims 
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of the invention. Those skilled in the art will appreciate 
that they may readily use the conception and the specific 
embodiment disclosed as a basis for modifying or designing 
other structures for carrying out the same purposes of the 
present invention. Those skilled in the art will also 
realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its broadest 
form. 

[0006] Before undertaking the DETAILED DESCRIPTION OF 
THE INVENTION below, it may be advantageous to set forth 
definitions of certain words or phrases used throughout 
this patent document: the terms ''include" and ''comprise," 
as well as derivatives thereof, mean inclusion without 
limitation; the term "or" is inclusive, meaning and/or; the 
phrases "associated with" and "associated therewith," as 
well as derivatives thereof, may mean to include, be 
included within, interconnect with, contain, be contained 
within, connect to or with, couple to or with, be 
communicable with, cooperate with, interleave, juxtapose, 
be proximate to, be bound to or with, have, have a property 
of, or the like; and the term "controller" means any 
device, system or part thereof that controls at least one 
operation, whether such a device is implemented in 
hardware, firmware, software or some combination of at 
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least two of the same. It should be noted that the 
functionality associated with any particular controller may 
be centralized or distributed, whether locally or remotely. 
Definitions for certain words and phrases are provided 
5 throughout this patent document, and those of ordinary 

skill in the art will understand that such definitions 
apply in many, if not most, instances to prior as well as 
future uses of such defined words and phrases. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction 
with the accompanying drawings, wherein like numbers 
designate like objects, and in which: 

[0008] FIGURE 1 depicts a wireless communications system 
including a chopper-direct-conversion receiver having a 
capacitive load mixer with phase alternating mixer 
functions according to one embodiment of the present 
invention; 

[0009] FIGURE 2 is a circuit diagram illustrating a 
capacitive load mixer with phase alternating mixer 
functions according to one embodiment of the present 
invention; 

[0010] FIGURES 3A through 3B illustrate timing waveforms 
for local oscillator signals within a capacitive load mixer 
with phase alternating mixer functions according to one 
embodiment of the present invention; 

[0011] FIGURE 4 comparatively illustrates timing wave- 
forms for operation of a capacitive load mixer with phase 
alternating mixer functions according to one embodiment of 
the present invention; 
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[0012] FIGURE 5 illustrates the double sideband output 
signal for a capacitive load mixer with phase alternating 
mixer functions according to one embodiment of the present 
invention; and 

5 [0013] FIGURE 6 illustrates the baseband output signal 

for a capacitive load mixer with phase alternating mixer 
functions according to one embodiment of the present 
invention. 



- 8 - 



DOCKET NO. P05717 (NATI15-05717) 



PATENT 



DETAILED DESCRIPTION OF THE INVENTION 



[0014] FIGURES 1 through 6, discussed below, and the 
various embodiments used to describe the principles of the 
present invention in this patent document are by way of 
illustration only and should not be construed in any way to 
limit the scope of the invention. Those skilled in the art 
will understand that the principles of the present 
invention may be implemented in any suitably arranged 
device . 

[0015] FIGURE 1 depicts a wireless communications system 
including a chopper-direct -conversion receiver having an 
alias and harmonic rejection phase alternating mixer 
according to one embodiment of the present invention. 
Wireless communications system 100 includes a transmitter 
101, a receiver 102, and at least one communications 
channel 103 communicably coupling the transmitter 101 and 
receiver 102. Wireless communications system 100 may be 
employed for voice communications, video transmission or 
data transmission. Accordingly, receiver 102 may be a 
mobile telephone, a satellite or terrestrial television 
receiver, a data processing system such as a wireless 
personal digital assistant (PDA) with Internet access 
capabilities, or some combination thereof. 
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[0016] Those skilled in the art will recognize that the 
complete structure and operation of a wireless communic- 
ations system or a receiver therein are not depicted or 
described herein. Instead, for simplicity and clarity, 
only so much of a wireless communications system and 
associated receiver as is unique to the present invention 
or necessary for an understanding of the present invention 
is depicted and described. 

[0017] Receiver 102 preferably employs the chopper- 
direct-conversion (CDC) architecture described in the 
related applications identified above. In an embodiment of 
that architecture relevant to the present invention, a 
single phase alternating mixer and one or more local 
oscillator frequencies are employed. Accordingly, receiver 
102 includes a circuit 104, preferably implemented in a 
single integrated circuit, receiving a wireless radio 
frequency (RF) signal on an input 105 from an antenna (not 
shown) . 

[0018] The received signal is passed through surface 
acoustic wave (SAW) filter (s) and low noise amplifier (LNA) 
106 , then split into a differential signal and passed as 
dual inputs to a phase -alternating mixer (PAM) 107 
controlled by three local oscillator (LO) signals LOl, L02 
and L03 . The output of the phase-alternating mixer circuit 
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107 is passed through a channel filter and automatic gain 
control (AGC) amplifier (s) 108 to produce the baseband 
output signal at output 109. 

[0019] FIGURE 2 is a circuit diagram illustrating a 
capacitive load mixer with phase alternating mixer 
functions according to one embodiment of the present 
invention. The present invention employs a low cost 
bipolar complementary metal -oxide -semiconductor (BiCMOS) 
direct conversion mixer design based on the requirements 
identified for a phase alternating mixer with alias and 
harmonic rejection in the related application listed above. 
A bipolar Gilbert cell mixer with a common-base radio 
frequency (RF) input stage is employed. The conventional 
resistor load for the mixer is replaced by a capacitor 
load, with a passive low pass filter implemented right at 
the double sideband output DSBp and DSBn to remove the high 
frequency component . 

[0020] The approach of the present invention provides a 
mixer with an accurate low pass bandwidth that cannot be 
easily achieved using a conventional resistive load mixer. 
Three load capacitors are provided for each double sideband 
output DSBp and DSBn, which are alternately switched 
between mixer and integration capacitors. The three 
capacitor configuration improves the switching timing 
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requirement and avoids any unwanted signal within the 
desired signal frequency band that might otherwise result 
from circuit mismatch. 

[0021] Phase alternating mixer 107 in the present 
invention is essentially a Gilbert cell mixer with an 
integrated phase alternating mixing function. Differential 
current inputs RFIP and RFIN, which are alternating current 
(AC) coupled from the low noise amplifiers 106, are 
received at nodes connected by current sources II to ground 
voltage GND. The first stage 201 of the phase alternating 
mixer 107 is a common base input stage including bipolar 
junction transistor pair Ql, connected at the emitters to 
the nodes receiving input signals RFIP and RFIN and at the 
base to a reference voltage VREF. 

[0022] The RF input current RFIP and RFIN are passed 
through the first stage 201 to the second stage 202, which 
contains three differential bipolar junction transistor 
pairs Q2, Q3 and Q4 . The collectors of transistors Ql are 
connected to a common node connecting the emitters for 
transistors Q2, Q3 and Q4 . The first two transistor pairs 
Q2 and Q3 , with cross-coupled collectors and controlled by 
local oscillator signals LOl and L02 , perform the function 
of a switching mixer as described in the related 
application. The harmonic gating function described in the 
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related application is implemented by switching the first 
two differential transistor pairs Q2 and Q3 in the second 
stage 202. The third differential transistor pair Q4 
steers the signal current into the second stage 202 when 
the first two differential transistor pairs Q2 and Q3 are 
shut off. 

[0023] FIGURES 3A through 3B illustrate timing waveforms 
for local oscillator signals within a capacitive load mixer 
with phase alternating mixer functions according to one 
embodiment of the present invention. Timing in the second 
stage 202 is controlled by three local oscillator signals 
LOl, L02 and L03 . As may be seen, the switching alternates 
two successive duty cycles for local oscillator LOl with 
one for local oscillator L02, with local oscillator L03 
asserted during the intervening periods when both LOl and 
L02 are switched off. 

[0024] Stacked on top of the second stage 202 are 
capacitive loads (including switched capacitor networks 203 
and 204 and capacitors CI) and switches CHI and CH2 . DSBp 
and DSBn are double sideband signals running at one third 
the RF input frequency, and are converted into baseband 
output signals BBp and BBn with the high frequency 
component filtered out by a first order switched capacitor 
low pass filter. The three load capacitors CS for each 
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double sideband output signal DSBp and DSBn alternately: 
integrate the mixer output current and sample the output 
voltage; transfer charge from the load capacitor to the 
integration capacitor CI of the first order low pass 
filter; and dump out all charge of the load capacitor CS . 
[0025] During the first step, the load capacitor CS 
integrated the mixer output current and generated the 
output voltage signal, which is either DSBp or DSBn. The 
output voltages of DSBp and DSBn have a direct current (DC) 
content and AC content which may be defined by: 

DSBp = Vdc Vacp ; and 
DSBn = Vdc + Vacn . 

Immediately before switching to the second step, the DC 
content Vdc and the AC content Vacp or Vacn of DSBp and 
DSBn are defined by: 

vdc = VDD-[±[i;iidt^llndt^llndtj^ ' 

Vacp = ^1 RFIPdt + RFINdt + f^' RFIPdt^ . and 

Vacn = ^ I RFINdt + RFIPdt + RFINdt"^ , 

where VDD is the power supply voltage, CS is the 
capacitance of the load capacitors CS, II is the current of 
current sources II, and RFIP and RFIP are the input 
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currents. As illustrated in FIGURES 3A through 3C, times 
Tl and T2 in the equations above are respectively the start 
and stop of the last of a pair of successive LOl duty 
cycles, times T3 and T4 are respectively the start and stop 
5 of a L02 duty cycle intervening between two sequential 

successive pairs of LOl duty cycles, and times T5 and T6 
are respectively the start and stop of the first of a pair 
of successive LOl duty cycles. 

[0026] After the first step, the double sideband signals 
10 DSBp and DSBm are demutliplexed by switches CHI and CH2 to 

baseband signals BBp abd BBn. In the example shown in 
FIGURE 2, a passive first order low pass switched capacitor 
filter is employed to interface the double sideband signals 
DSBp and DSBn. In addition, the baseband signals BBp and 
15 BBn demultiplexed from the double sideband signals DSBp and 

DSBn in the exemplary embodiment are also filtered by the 
first order switched capacitor networks 203 and 204. The 
bandwidth of the filter is well controlled and defined by 
the ratio of load capacitance CS to integration capacitance 
20 CI and the sampling frequency fs as follows: 

M3dB) = ^xfs. 
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The well controlled bandwidth gives the mixer the 
capability of rejecting the next channel energy right at 
the output . 

[0027] During the last step, the load capacitor CS will 
empty all the charge and be prepared for the first step 
again. After completing the three steps, each load 
capacitor CS repeats the steps from the beginning. 
[0028] FIGURE 4 comparatively illustrates timing wave- 
forms for operation of a capacitive load mixer with phase 
alternating mixer functions according to one embodiment of 
the present invention. Each of the three steps described 
above for switched capacitor networlcs 203 and 204 is 
controlled by clocks PI, P2 and P3 . In the exemplary 
timing diagram of FIGURE 4, the switches controlled by 
signals PI, P2 and P3 (and identified by those references) 
are active low switches. 

[0029] The frequency of clocJc signals PI, P2 and P3 is 
two- thirds of the frequency of the double sideband output 
signals DSBp and DSBn, with a duty cycle of one third of 
the period. Switching the load capacitors CS at two-thirds 
of the double sideband signals' frequency has at least two 
advantages: First, each capacitor has more time for each 
operation. Second, any mismatch caused by the capacitors 
and switches will generate an unwanted signal, but, instead 
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of falling within the desired signal band at the frequency 
band of the double sideband signals DSBp and DSBn, the 
unwanted signal shows up at two -thirds of the double 
sideband signals' frequency. After demultiplexing to 
baseband, the unwanted signal is moved to one-third of the 
double sideband signals' frequency, where the unwanted 
signal can be easily filtered out with a low pass filter. 
[0030] Conventionally, the load of a mixer is a 
resistor, with the low pass function performed by the load 
resistance and load capacitance for a low pass 3 decibel 
(dB) bandwidth defined by the product of the load 
resistance and load capacitance. However, the variations 
of the load resistance and load capacitance from one 
integrated circuit device to another are normally not 
small. Accordingly, due to the large variation of the 3 dB 
bandwidth, a resistor-based load mixer cannot be employed 
to reject the next channel energy without frequency tuning, 
but instead can only be used to remove the high frequency 
content of the mixing products. In contrast, the present 
invention can provide a channel select filter function by 
control of switches CHI and CH2 . 

[0031] FIGURES 5 and 6 illustrate, respectively, the 
double sideband and baseband output signals for the phase 
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alternating mixer 107 depicted in FIGURE 2 under control of 
signals illustrated in FIGURE 4. 

[0032] The present invention implements a traditional 
Gilbert cell mixer with a switched capacitor load to 
provide a phase alternating mixer function. Fabricated 
with a BiCMOS process, the design is a low cost version of 
a phase alternating mixer, without any need for a frequency 
tuning circuit since the mixer output is low pass filtered 
with a fixed bandwidth. The approach of the present 
invention can also provide the function of a channel select 
filter, to reduce the cost of channel select filtering. 
The output is not limited to a baseband signal since, 
depending on the application, the baseband signal may be 
reconverted to a double sideband signal running at a 
different sampling frequency. 

[0033] Although the present invention has been described 
in detail, those skilled in the art will understand that 
various changes, substitutions, variations, enhancements, 
nuances, gradations, lesser forms, alterations, revisions, 
improvements and JcnocJc-of f s of the invention disclosed 
herein may be made without departing from the spirit and 
scope of the invention in its broadest form. 
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